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G. Meunier, J . L . Coulomb S . J . S a f a n L a b o r a t o i r * e d'Electrotechnique R P I de G r e n a b l e , F r a n c e e l e m e n t method a n d s t i l l r e t a i n t h e n o n l i n e a r capability o f t h e f i n i t e e l e m e n t m e t h o d f o r r e g i o n s w i t h n o n l i n e a r m a t e r i a l s .
T h e m e t h o d is now e x t e n d e d t o t h r e e d i m c n s i o n a 3 scalar p o t e n t i a l p r o b l e m s .
An e x a m p l e is p r e s e n t e d h e r e f o r a t h r e e d i m e n s i o n a l p r o b l e m .
T h e results w e r e t h e n compared to a closed f o r m s o l u t i o n .
Three Dimensional Formulation

'
In t h e following formulation t h e unknown is t h e scalar p o t e n t i a l , w h i c h is t h e solution o f Laplace's equation, in b o t h the f i n i t e c-:Iement a n d b o u n d a r y e l e m e n t regions. This s e c t i o n g i v e s t h e b a s i s o f the f o r m u l a t i o n f o r t h e f i n i t e e l e m e n t s a n d t h e b o u n d a r y elements which w a s uscd on t h e example in t h e f o l l o w i n g s e c t i o n .
F i n i t e Element Region:
In t h e f i n i t e element region t h e unk-nown p o t e n t i a l s a t i s f i e s Laplace's equation.
In G a J u r k i n f o r m t h i s b e c o n~e s w h e r e w is a w e i g h t i n g function and t h e new
. Laplace's e q u a t i o n w e o b t a i n an expressioa for t h e p o t e n t i a l i n t e r m s o i ' t h e p o t , e n t i a l a n d its n o r m a l d e r i v a t i v e o n t h e b o u n d a r y .
Where y = 1 f o r a p o * i n t i n s i d e t h e r e g i o n y = 0 f o r a p o i n t o u t s i d e the r e g i o n y = t h e f r a c t j o n o f t h e -i n t e r n a l a n g l e made b y t h e s u r f a c e a t t h e f i e l d p o i n t .
( e . g .
. 5 i f t h e p o i n t is on a straight line)
T h i s e x p r e s s i o n i s e v a l u a t e d d i r e c t l y b y
t h e p o i n t matching mel-hod. The region in between t h e s p h e r e a n d a n a r b i t r a r i l y c h o s e n c u b e was r e p r e s e n t e d b y f i n i t e e l e r n e~t~s .
I n t h i s c a s e t h e f i n i t e e l e m e n t s w e r e t e t r a h e d r a a n d were g e n e r a t e d b y t h e D e l a u n y m e t h o d
[ 4 ] , t h e b o u n d a r y e l e m e n t s werue t h e t r i a n g u l a r faces o f the t e t r a h e d r a which w e r e i n c o m m o n w i t h t h e e x t e r i o r c u b e . See Figure 1 . 
T h e s y s t e m m a t r i x h a s t h e
Figure 5 shows t h e 1 / 8 t h section of t h e problem which was
solved n e x t . Figure 6 shows the corresponding equipotential p l o t which is smoother t h a n t h a t of f i g u r e 3 due t o the smaller s i z e of t h e elements. 
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